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I.  Introduction. 

l^onitoring  of  chemical  storage  depots  incorporates  a  combination  o 
bubblers,  blue  band  detector  tubes,  and- MB/'M3A1  automatic  chemical  dstec' 
These  methods  suffer  from  expense,  time,  sensitivity  and  selec+iv,  tv 
restraints.  A  potential  solution  to  upgrade  current  monitoring  P'-oredure 
to  use  Miniature  Automatic  Continuous  Air  Monitor  Svstems  (MIMTCAt!^)  moun 
in  a  mobile  vehicle  with  heated  sample  lines  that  wculd  be  inserted  i-’t-. 
chemical  munition  storage  igloo.  ^^The  advantages  of  MIM;caM3  are  r;er‘'en 

-V. 

be  cost  sa-'ings.  sensitivity  improvement,  and  shcrteninq  pf  an:;’  .a;=  ■■e 

Pine  Bluff  Arsenal  was  tasked  with  performing  field  t "  i  a  1  =.  no 
MINICAMS  to  determine  the  reliability  and  functional  capabilities  the 
units.  Two  multiagent  MINICAMS  were  purchased  from  CMS  Pesea* "o  C:*’'.  h-. 
Oetection  Directorate,  Chemical  Research  De'-elopment  and  C-ia  ;  •■'ee;' -  n  “f-n: 

( CRDEC ) ,  Aberdeen  Praying  Ground,  and  loaned  to  the  Pine  Bluff  Arspra!  tFi 
for  testing  and  evaluation.  They  were  installed  in  a  vehicle  spec.u'l. 
modified  to  support  a  mobile  laboratory  operation.  The  following  r-epcnt 


documents  the  laboratory  and  field  functioning  tests  which  were  oe--'o-red 
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II.  Experimental. 

A .  Instrumentat ion . 

The  multiagent  MINICAMS  S/M  1394  and  1  air  monitoring  and 
alarm  systems  were  purchased  from  CMS  Research  Corp.,  Birmingham,  Alabama. 
The  systems  consist  of  sorbent  tube  collection  devices,  capillary  GC  columns 
and  flame-photometric  detectors  with  automated  timing  circuits  arc  ->la-.Ts 
(See  Diagram  2,  page  10).  The  entire  system  is  contained  in  a  single  chassi 
which  includes  the  sampling  and  analytical  system,  the  controller,  and  the 
displ  ay.  Basic  instrument  operating  parameters  (gas  flows,  detector 
temperature,  etc.)  car,  be  set  by  the  operate  r  ,  y..  Concen  t  ra  t  i  o  n  readings  .rind 
alarm  conditions  are  indicated  on  the  liguid  crystal  d  i  so  1  a  /  (LCD'  and  ca-  i- 
transmitted  to  a  dual  pen  recorder  ,  a  printer,  a  floppy  disi-  drive,  and  a 


remote  computer. v  The  recorders  and  floppy  disc  drives  were  ourch-ased  from 

/Vi 

Research  Corp. 


A  two  ton  dual  rear  wheel  Utilimaster  Ford  trucL  i-ias  modi-^ied 


into  a  mobile  laboratory  and  housed  all  necessary  eguiDment.  See  Diagram 
page  3,  for  the  general  layout. 

The  MINICAMS,  when  in  the  mobile  laboratcr.,  were  powered  cy  2 
parallel  2000  watt  TRIPP  Lite  inverters  from  Trippe  Manufacturing  Co.  The 
inverters  supplied  uninterruptab  le  120  vac.  from  a  12  volt  batterv  pac^,  .^Jh 
in  turn  was  charged  by  an  on-board  120  vac.  Onan  generator.  The  TRIPP 
inverter  was  mneified  f  "om  a  square  wave  to  a  sine  wave  output  because  i  r. 
became  evident  that  the  MINICAMS  circuitry  would  not  operate  on  a  square  wav 
The  model  1 53 1 - 1 O7B-G280X  vacuum  pumps  from  Gast  Manufacturing  Co.  for  air 
sampling  were  powered  directly  from  the  Onan  generator.  The  heated  sample 
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liries  purchased  from  CMS  Research  Carp,  were  powered  independently  of  the  van 
from  a  120  volt  power  line  run  to  the  igloo.  The  75  foot  sample  lines  were 
1/4"  o.d.  teflon  wrapped  with  heat  tape  for  uniform  heating.  The  operating 
temperature  was  approximately  60  degrees  C.  The  sample  lines  were  connected 
to  the  outside  of  the  truck  with  stainless  steel  Quick-Connect  fittings. 


© 

0 

o 


3 

3 


MC 


SHOWER 

GAS  BOTTLES 

EYEWASH 

BULKHEAD 

CONNECTOR 

MINICAMS 


8' 


15' 


MOBILE  LABORATORY  FLOOR  PLAN  Diagram  1 


a 


B.  Principles  of  Operation. 


The  MINICAMS  were  set  to  sample  air  through  an  inlet  check 
valve  and  preconcentrator  tube  (PCT)  for  180  seconds  using  a  vacuum  pump.  The 
vacuum  pump  flow  rate  was  set  at  1  1  iter/minute.  After  sampling  3  liter's  of 
air  a  valve  switched  from  vacuum  to  nitrogen  (SO  psi.  head  pressure),  and 
directed  it  through  the  PCT  into  a  DB-1  equivalent  capillary  column  ( 0 . 3S  mm. 
i.d.,  15  meters,  coated  with  a  4  micron  methyl  silicone  film).  The  PCT  was 
ba 1 1 i s t i ca 1 1 y  heated  to  SSO  degrees  C.  for  30  seconds  to  purge  the  agent  which 
collected  on  the  capillary  column.  The  capillary  column  was  then  ramped  froai 
30  to  ISO  degrees  C.  in  45  seconds  to  separate  the  agent  from  interferents  ar.c 
elute  it  into  a  flame  photometric  detector  (FPD).  The  FPD  is  especially 
sensitive  and  selective  to  phosphorus  and  sulfur  containing  compounds  (See 
Diagram  S,  page  10),  A  choice  of  optical  filters  in  the  photomultiplier  tuber 
brackets  either  526  nanometers  for  phosphorus  or  394  nanometers  for  sulfur. 
Agents  were  identified  by  retention  time  and  quantitated  by  peak  height. 

Agent  concentrations  were  automatically  calculated  into  TWA  equivalents  basec 
on  the  standard  used  to  calibrate  the  instrument  and  displayed  on  the  LCD.  b 
instrument  alarm  and  warning  light  were  configured  to  alert  the  operator  of 
high  concentrations  of  agent.  Data  from  the  test  program  was  assessed  by 
"CERTIFY"  software  used  in  the  Laboratory  Quality  Assurance  Program  at  Pint^ 
Bluff  Arsenal. 


A  dual  pen  recorder  was  used  to  help  distinguish  the 
possible  interferences  in  the  chromatogram.  A  floppy  disc  was  used 
optional  means  of  data  collection.  Data  was  primarily  collected  by 
LCD  displayed  results  on  data  sheets. 


agent  t-d'- 
as  an 
wr i t i no 
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MINICAMS  FLOW  DIAGRAM 

Biagram  2 


C .  Acceptance  Requirements. 

All  agents  were  injected  into  each  instrument  according  to  the 
scheme  shown  in  Table  1.  TWA  challenges  were  calculated  by  assuming  100*/. 
trapping  efficiency  when  sampling  air  at  TWA  agent  levels.  Agent  samples  were 
then  diluted  so  that  5  ul  contained  the  amounts  expected  when  sampling  air  at 
1  TWA. 
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TABLE  1 


Acceptance  Testing  Scheme 
Injection  Scheme 

one  0  ul  injection  =  C  TWA 

cne  1  ul  injection  =0.2  TWA 

■^ive  2.5  ul  injections  =  0.5  TWA 

ten  5  ul  injections  =  1  TWA 

five  10  ul  injections  =  2  TWA 

This  scheme  calls  for  making  22  injec 


for  MIIMICAMS  for  all  Agents 

Acceptance  (TWA)  Range 

- N/A  - 

O.  15 - I..-  ..  n; - - 

0.3R '  ■  ' - ■  .62 

0.75 - - 1  .25 

1 .50 - - 

ions  for  each  agent  on  each  ■ nstrumsn 


For  the  MINICAMS  to  perform  acceptaolv,  95'/.  of  <--e  o.n  j  1 
or  1  TWA  equivalent  values  must  be  in  the  range  of  0.75  to  1.25  T-  iA . 

Add  i  t  i  ona  1  1  y .  75'/.  of  the  remaining  values  must  be  within  *  25’'.  o^  thejr- 
theoretical  values,  except  for  the  O.E  TWA  equivalent  values  where  tne  re  =  ul‘-s 
are  desired  but  not  required  (See  Appendix  1). 

Field  Functional  testing  was  carried  out  usinr;  tncs 
~anie  2.  One  set  consisted  cf  ^  ‘data  points  as  sncwn.  Li.-j-h  •  .-.s  <•  - 1 ;  n=  i  •  = 

rhallenqed  with  6'*  sets  under  varvinq  field  conditions. 


TABLE  2 

Data  Sets  Collected  for  Field  Functional  Testi-g 


Injection  Scheme  T  ar  get f_T  WA  ) 9^  n  q  e 


5 

ul  » 

1 

TWA 

*0.3  ng 

GB 

0.75- 

- Cl. 003 - 1,25 

2.5 

ul  = 

0.5 

TWA 

=  0.15  ng 

GB 

0.38- 

—  co.-w,.  1 - 0.62 

10 

ul  = 

2 

TWA 

=0.6  ng 

GB 

1 .50- 

- csf.or:,  1 - a.  50 

0 

ul  = 

0 

TWA 

=  blank 

— 

—  N/A - 

Injections 

were 

made 

in 

the  order 

shown . 

I  1 


D .  Agents  Used  in 


na- 

Neat  SARM  agents  were  obtained  from  CRDEC,  Aberdeen,  Marvland 
The  GB  was  95.7  noleV.  pure  bv  MMR ;  the  HD  was  97.6  mole",  oure:  ard  the  ' 
was  95.9  mole*/,  by  NMR .  Dilutions  were  made  into  he.:are.  A’.’  5to:t-=  ang 

standards  were  stored  at  0  to  -iO'-C. 

E  .  Test  Procedures  . 

1 .  General . 

The  MINICAM5  were  turned  on  and  qas  cylinders  coened ,  with 
nitrogen  and  air  head  pressures  adjusted  to  20  and  35  csi..  r esoec t i v n : , .  7 
h-./drogen  pressure  was  set  to  10  psi.  until  the  -flame  phctone*-r :  d-^-^ec  *-or 
(FPD)  block  reached  approx.  100  degrees  C.  The  multiagent  units  hj-e  an 
autoignite  feature.  After  the  flame  autoignited,  the  hydrogen  pressure  was 
increased  to  35  psi.  The  proper  optical  filter  and  preconcentra tor  tube  wer 
ver i f i ed .  * 

The  agent  to  be  analyzed  and  correct  input  operating 
parameters  were  selected  on  the  analog  screen.  The  PARAM  push-button  snn  th 
ir'JCR  or  DECR  push-buttons  were  depressed  to  set  the  sample  ^low  •  EAf-'P '  t.:^  ;  ■  ■ 

ml /min  (if  no  linear  mass  flowmeter  ( LHF )  is  available,  set  GAHF  to  zern 
otherwise  an  error  code  will  be  activated  during  the  sampling  period).  Af  -a 
turning  on  the  vacuum  pump,  the  signal  screen  was  selected  b>  p'essinq  the 
INCR  and  PAGE  push-buttons.  When  the  MINICAMS  unit  was  in  the  samp  1  i  n.g  ce  ■  . 
(the  clock  is  also  visible  on  this  screen),  the  vacuum  pump  needle  valve  was 
adjusted  to  obtain  1000  ml/min. 
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The  recorder  cables  were  connected  from  the  recorder  to  the 
MINICAMS,  and  the  recorder  was  zeroed  on  each  channel.  The  IMCR  and  PAGE 
push-buttons  were  used  to  select  the  Recorder  1  (Rl)  screen,  and  the  PARAM 
ENTER  push-buttons  to  select  the  chrotnatr  oQr  am  ■' CHPCM  ^  oai'amete'*  hi  ici-  oe 
“'"he  PAGE  push-button  was  then  pressed  until  the  Recoraer  B  f  PP '  sc'een  wa  = 
seen  and  the  above  steps  were  repeated  to  select  the  concentrat ion  fCDNCf 
parameter  (red  pen).  The  chart  soeed  was  set  to  2  cm/min  w-  tl'  hot)  ot'.a 
set  on  the  I OV  range  scale. 

The  working  standard  was  r-smo'/ed  trom  the  !'~ssr  =  -~  and 
staoilizec  at  room  temperature.  A  succession  of  agent  iniections.  was  mads 
the  inlet  valve  and  with  the  aid  of  the  recoraer  the  best  agent  care  setti 
for  the  analyte  was  determined.  A  1  TWA  injection  was  then  made  and  while 
viewing  the  main  screen  the  PARAM  push-button  was  oressed  u.tt’  1  CAi.  was 
blinking.  When  the  concentration  was  displaved,  ENTER  was  inmedi  j-:!®', 
to  calibrate  the  instrument  at  1  TWA  'if  the  audio  alarm  has  bren  acti"  a 
pressing  the  ENTER  push-button  will  simultaneously  silence  the  alarm  . 
Several  other  1  TWA  injections  were  made  to  verify  that  tne  displaved 
concentrat ions  remained  close  to  1.0  TWA.  Table  2  shows  the  operating 
parameters  used  for  all  agents. 


TABLE  3 


General  MINICAMS  Operating  Parameters 


TEMPERATURES  'C: 

Amb i ent 

<  AMB  ) 

'Z^ 

+- 

J  ^ 

r  n  1  a  t 

'  INL  ) 

- 

I  ^ 

FPD  b 1 oc i 

' P^DT ) 

i  5'* 

* 

1  0 

- f 1 ame 

FLAT 

■- 

5i'' 

Column,  low 

(LCQL  > 

30 

■- 

1  e 

i. 

Col umn ,  h i gh 

^HCOL ) 

]  go 

1  S 

neater,  low 

;  lpct  ■' 

- 

PCT  heater,  high 

•:  AFCT  ) 

- 

*5  ' 

PRESSURES  psi: 

H  j  f” 

( A  r  PP 

'Z  ^ 

4> 

c: 

M i trogen 

■  nepr  > 

C? 

- 

Hy d  rocen 

V  HcPR ) 

3  ^ 

c; 

SAMPLE  m 1 / m i n : 

F low  rate 

■;  SAME  )  : 

:  1000 

30 

VOLTAGE  v.d.c.; 

FPD  photomultiplier 

;  1400 

+ 

50 

T I MES  sec  ,  : 

Purge  0  - 

lEO 

Samp  1  e  1  ph' 

- 

!?0' 

Desorb  0  -- 

30 

Column  3 A 

- 

■ 

Inject  ISO  - 

130 

Inlet 

■ 

3'.’ 

FPD  zero  5  - 

15 

Agent  Gate  ''40 

- 

n”’ 

'•mO 

- 

50 

- 

90 

PHCTOMIJLTIPLIER 

Yellowish-green  for 

Agents  GB  and  ' 

V 

OPTICAL  FIL'ER  ; 

Purp  1  e 

for 

Agent  HD 

PRECONCENTRATGP 

Hayesep  D 

for 

Agents  GB  and  ' 

X 

TUBE  ; 

Tena:<  GC 

for 

Agent  HD 

V-G  conversion  pads  were  installed  above  the  inlet  checl-  .ai  ve 
for  VX  analyses.  Injections  for  VX  were  made  by  :iecj  s  i  *:  i  PvI 
agent  dir-ectiy  onto  the  V-G  pad. 
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2 •  Acceptance  Tpstino 


Acceptance  testing  was  performed  in  accordance  with  a  plan 
submitted  by  the  Test  and  Evaluation  Office;  Research,  Development  2. 
Engineering  Support  Directorate;  CRDEC  (Appendix  1).  The  i ns truments  ,were 
first  installed  in  the  Product  Assurance  Lab  at  the  Pine  Bluff  Arsens'.  Beth 
instruments  S 'NJ  1 3*54  and  1395  were  calibrated  by  injecting  5  ■;!  n* 
standard  into  the  inlet  check  valves.  Initially,  CNS  Research  Tore, 
recommended  using  calibration  concentrations  of  0.16  ppm  GB,  .  3  npm  HD  ang 
>'h  0 1  n  ppm  V'/.  Injections  of  5  ul  ot  these  standards  are  eqi^  i  -alent  tc 
sampling  air  with  TWA  levels  of  agent  for  8  minutes  '.isi.ig  ♦■he  f-' I  I  rHi-'E  c--  a 
minute  cycling  program.  To  save  time,  however,  Dan  Colemari  t-  ri'V-t 
suggested  using  a  5  minute  cycling  program.  Because  bac:^grnind  i  n  ter  ^  e'- en  ;  es 
were  occasionally  found  to  occur  in  the  chromatograms  when  samp! i nq  for  Icngc 
times,  additional  calibration  sets  and  series  of  injections  were  oe.-formed  nr 
each  instrument  using  GB  at  0.055*ppm  and  tiD  at  1.62  opm.  '^hess 
concentrat  ions  represent  the  amounts  that  would  be  fcunc  i  •  air  a 
ml  'min  flow  on  a  5  minute  cycling  program  with  a  3  mirute  samn  1  i  nq  ♦i',^ 
consistant  with  the  parameters  we  used  while  evaluating  these  i  ns  t  run- =n*- = 
Table  3).  VX  was  also  evaluated  using  a  0.023  ppm  standard  on  a  15  minute 
cvclinq  program.  A  fresh  standard  was  used  daily,  and  in  all  cases  a  ri  il 
Hamilton  syringe  was  used  for  injections  at  120  seconds  into  each  c  cle  (  -ec- 
Table  3).  After  the  initial  calibration,  tne  instruments  were  only 
recalibrated  if  2  or  more  consecutive  data  points  were  out  of  the  acceptance 
range  (Table  1).  Two  series  of  injections  were  made  for  each  agent  on  each 
unit  with  each  -.a  1  i  br  at  i  on  concentration  evaluated. 
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3  •  Fiinctional  Field  Testing. 

■^ests  were  performed  in  accordance  with  the  test  olan  r^ubmitte 
bv  CRDEC  (Appendix  1).  The  MINICAMS  were  powered  up  daily  with  the  mnb’ilo 
laboratory  at  the  laboratory  (Bldg.  34-111);  the  igloo  was  key  obtained;  'he 
truck  driven  to  the  test  igloo  site  (Bldg.  61-460;;  and  the  foot  beam': 

sample  lities  were  connected  to  the  external  samp:  ling  ports.  ohort  oieres  of 
unheated  teflon  line  were  used  to  connect  the  internal  sampling  ports  to  the 
MINICAMS  inlet  check  valves. 

Five  microliters  O"^  a  0.06  opm  GB  working  standard  were 
injected  directiv  into  the  inlet  check  valves  to  calibrate  the?  i  ns  *  r  =  . 

The  operating  parameters  are  listed  in  Tap  1  e  3.  A  fresh  s  t  a  iid  i^ed 

daily  and  in  all  cases  a  10  ul  Hamilton  syringe  was  used  for  i  r  i  ec  t  i  n  i-.  ^  . 

After  the  initial  calibration  the  units  were  recalibrated  in  the  field  i-ihen 

readings  began  to  fall  outside  ±  351'.  of  the  target  range  for  each 
concentrat i on .  A  data  set  consists  of  the  four  points  shown  in  'able  3. 

Data  set  injections  were  made  insine  the  iglorj  at  the  end  o' 

foot  heated  sample  lines  at  IHO  to  130  seconds  into  the  MINICAMS  -  .-ici,  p- 

the  1  1/min.  flow  rate  used,  the’sample  should  reach  the  instrumer't  in  ..f 
seconds,  well  within  the  3  minute  sampling  time  of  the  cycle.  Because  nr 
linear  mass  flowmeters  ( LMF )  were  available  for  these  multiagent  i ns t r umen r a . 
the  vacuum  p'jmp  sample  flow  rates  were  set  at  1000  ml/min  using  a  LMF  rtiat  ...a 
connected  to  a  single-agent  MINICAMS.  (A  single-agent  MINICAMS  unit  was 
available  in  the  mobile  lab  but  was  not  a  part  of  the  Field  Functional 
Testing.^  The  vacuum  pumps  were  then  switched  back  to  the  multiagent  units. 
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Periodically  the  preccncentrator  tubes  (Ha/eseo  D)  required 
changing.  They  were  qenerally  changed  every  "few  days  when  the  blank  hecjan 
drift  upward  following  the  10  ul  injection  of  a  data  set. 

After  a  aata  set  ■^o*'  each  inatrunent  was  coi  lected  a*  the 
igloo,  the  igloo  was  secured,  sample  lines  were  d  i  sconnec  tec  ,  anc  the  v-ar. 
driven  or.  paved  and  gravel  roads  for  about  30  minutes.  The  M I  (•:  T  C  — M3  ami 
nested  sample  lines  were  operated  cent  i  nuous  ]  v  after  dai  Iv  start--. r  ijrti  ■ 
end  of  the  daily  test  routine.  Data  sets  were  collected  fc-'  esc’'  s '  rte 
over  a  period  of  8  weeks. 

Note  was  made  of  all  instrument  error  messaces  and  maif  ;rct 
on  Fa  i  1  ur  e/Na  i  ntenance  Data  Sheets.  Agent  challenge  responses  i-'ere  record 
on  Field  Functional  Test  Data  Sheets. 

At  the  conclusion  cf  the  dav,  the  MIMICAMS  v-e-'e  tu!-  -'ed  r-f'^ 
the  gas  supplies  were  turned  off  at  the  tanks.  The  igloo  was  secured,  hea 
sample  lines  disconnected  from  the  van,  electrical  power  ‘■p  them  n  i  s- “  ■'ire,-, 
and  the  igloo  key  turned  i  i' . 


III.  Results. 

A  .  Acceptaneg  TgstiriQ  . 

i^IMICAMS  serial  number  1394  was  subjected  to  the  acceptance 
testing  criteria  for  chemical  agent  GB  at  two  different  agent  standard 
concentrations:  0.16  nq/ul  and  0.055  ng/ul  respectively.  A  total  of  -A  oa--- 
points  were  collected  at  the  0.16  ng/ul  cone  en  t  r  a  h  i  o  n  .  '■■'ese. 

subjected  to  statistical  evaluation  using  she  CERTIP^V  software  crc\  i^ed  s  .  t 
Chemical  Stock'oile  Disposal  Program.  The  4  points  not  included  v^ere  the  t o 
blanks  that  nad  readings  of  0  TWA,  and  the  two  injections  nade  at  '■•j-  • 

gav'e  readings  of  0 .  cO  TWA  and  0.18  ‘’’WA .  Having  only  two  readi  'c?;  a'  =  i  z  ■■  o* 
these  spiking  levels  made  it  impossible  to  include  these  de  t  e'- m  i  r  a  “  :  o  c  s  i  ■*  ^ 
statistical  rreatment  of  the  data  because  of  inabilitv  of  “he  CePTP''  c'c";-;  ■ 
to  accept  less  than  3  data  points  at  each  challenge  level.  Ho  repear 
injections  had  to  be  performed  for  this  trial  and  no  outliers  were  derectec. 
A  brief  summary  of  the  statistical  results  for  this  instrumert  he  •••..-c. 

~anle  4.  Table  7  shows  the  alarm  settings  generated  ov  the  CEF'l'rF'''  cregcar 
from  the  data  collected  on  instrument  2  394  using  the  C  .  055  no  /  u  1  c  a  I  i  h  r  a  *■  i  •' r 

standard.  Diagram  3  shows  the  Target  vs.  Found  >-0 1  a  t  i  o  nsh  i  o  .  ..ii^certai  r,  . 

and  additional  statistical  data  for  acceptance  testing  of  this  instrumen“ 
using  the  same  calibration  standard.  From  Tables  4  and  ,  it  can  he  seec 

the  instrument  alarm  setting  of  0.80  TWA  as  recommended  bv  ‘■he  manuf  ac  t 

supported  Py  this  dara.  The  concentration  interval  between  the  ..GC  arc  -i-e 
TAL  is  large  enough  to  minimize  the  risk  of  obtaining  false  positives  and 
negatives.  Diagram  3  also  shows  that  the  uncertainty  (with  95V,  confidence: 
the  air  sample  found  concentration  is  +13. 714,  which  is  well  within  the  +  £5’'. 
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guideline  set  forth  in  AMC  385-131.  For  the  trials  conducted  using  the  GB 
standard  concentration  of  0.055  ng/ul  on  instrument  1394  the  results  seem  co 
be  biased  toward  higher  found  concentrations.  This  indicates  that  a  oroolem 
may  have  occurred  during  the  calibration  of  the  instrument.  Perhaps  it  i-iasr.  i. 
sufficiently  equilibrated,  or  injection  error's  mav  ha-ve  occur-sd.  0 1 v. ;  = 
the  results  are  similar  to  those  found  for  the  0.16  ng'ul  cc  ncer- 1  r  a  t  i  c  ri .  '-ir 
repeat  injections  had  to  be  performed  and  no  outliers  were  detected. 


TABLE  4 

Summary  o"^'  Results  from  MIMICAMS  Acceptance  Testi-c 

for 


I nstrumen  t 

1394 

A 1 ar m  se  t  c i nc 

Date 

Samp  le 

Ca  1  ib 

FAL 

TAL 

LOO 

95’'.  confidence 

Tested 

Agent 

Size 

Cone  i.ppm ) 

(  TWA ) 

(TWA) 

(  twA  ) 

L  1'  7 LA  ; 

83.24 

Jan  91 

GB 

40 

0.~16 

0.B25 

0.913 

6.1  1  2 

'■  .  9.4“ 

30 

Jan  91 

GB 

20 

0 . 055 

0.958 

0 . 724 

'1 .  1  - 

_  .-3 

23 

Tan  91 

HD 

41 

4.8 

0.863 

0.699 

'/ .  1  5C 

A  .336 

31 

Jan  91 

HD 

40 

1 .62 

0 . 748 

0 . 593 

0 . 332 

>■  .99g 

24 

Jan  91 

VX 

35 

0.016 

0 . 79  1 

0.493 

0 . 4'7P 

_  gr.1.3 

FAL  '=  Round  Action  Level  -  "is  the  highest  found  concentr a t i on  at  which  th=-e 
is  a  97.5*/.  level  of  confidence  that  the  true  concentration  is  less  tnan 
the  hazar d- leve 1 . " * 

TAL  -  Target  Action  Level  -  "is  the  highest  true  concentration  that  can  be 
distinguished  with  a  97.57.  level  of  confidence  from  h  ac  ird- 1  evel 
concen tr at i ons . "  " 

LOO  =  Limit  of  Quantitation  -  "is  the  lowest  true  concentrat ion  that  can  be 
detected  at  least  97.57.  of  the  time." 


■■  Hazard-level  was  defined  in  the  CERTIFY  program  as  1  TU)A  equiv-alent. 
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TABLE  5 


Summary  of  Results  from  MINICAMS  Acceptance  Testing 

for 

Instrument  13R5 


A1  arm  set  ^  ;  ~r. 


Dat 

e 

Samo  1  e 

Ca  1  i  b 

FAL 

TAL 

1,  no  95*.. 

,  cor 

■tine  nca 

tested 

Aoen  t 

5  i  .:e 

Cone  <  DPm i 

(  TWA  ) 

(TWA) 

TWA  1 

r  ■  ■ 

*  1  /  •* 

33.3- 

Tan 

9i 

GB 

0 

.  1 6 

O  .  tQC 

0 . 660  '  • 

I 

O  . 

i-  d  * 

30 

Jan 

GB 

30 

0 . 055 

0 .995 

0 . 750  'T 

.  1  38 

1  . 

(■'  1  •- 

■^3 

Jan 

91 

HD 

40 

4.3 

0 .334 

0.599  0 

.  3  i  4 

0 . 

053 

31 

Jan 

91 

HD 

40 

1 .63 

0 . 780 

0 . 588  0 

‘J  . 

f;  1  - 

34 

Jan 

91 

OX 

40 

0.016 

0.875 

0 . 709  0 

.118 

0. 

S93 

The  same 

method 

was  used  to 

assess 

the  per  fo 

r  Tt^nze--  z 

f  11! 

M  I  3Ar-i3 

=  er 1  a  1 

numbe'* 

1395  for 

chem i ca 1 

agent  GB . 

a  1  ^ 

two  agent 

s  tandar 

a  ^  r 

a.  1  0 

c  n  c  c?  ^ 

t’'at 

i  ors 

of  0  .  I o 

nq. 'ul  and  0).055  ng/ 

ij  1  were 

used  dur i 

r'  c  The  r 

r  i 

oc  , 

with  the  results  being  similar  to  those  of  instrument  number  ! 39^ ,  as  ran  be 
seen  jn  Table  5.  Table  3  and  Diagram  4  show  the  alarm  settings  and  Target  v=. 
'^'ounrl  data,  respectively,  for  the  data  collected  using  the  55  ng/ul 
standard.  Four  repeat  injections  had  to  be  made  during  the  '‘.in  n.q'!.ii  t  -  i  ' 
due  to  operator  error,  and  five  repeat  injections  were  made  du-ing  the  0.;'55 
ng/ul  trial  probably  due  to  the  bias  towards  higher  concentr  rit  i  on  r-eadi’^os 
that  was  also  present  in  instrument  number  1394. 

The  results  for  the  HD  acceptance  testing  on  both  ii'strumsnts 
mimicked  those  for  the  GB  acceptance  testing  as  can  be  seen  in  tables  5.  * 

and  10,  and  Diagrams  5  and  o.  There  seems  to  be  some  i  nd  i a  t  :  o  i 
instrument  alarm  set  point  for  chemical  agent  HD  may  need  to  be  lowered  to 
ensure  the  results  are  within  the  95*/.  confidence  level.  This  may  further  be 
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determined  with  additional  precision  and  accuracy  studies. 


Both  instrumert 


have  successfully  demonstrated  the  ability  to  detect  chemical  agents  GB  and 
when  operated  in  a  laboratory  environment. 

MIMICAMS  instrument  serial  number  13^^  was  challpnged  '.-nth 
a’"'-,' i  CiO  p'jsntities  'f  cnemical  agent  at  a  co  nc  en  t  a  t '  c  n  3-^  T' .  -  rc  . 

total  of  4"’  data  points  were  collected.  Gf  these,  35  we.-s  ,_sed  in  tne 
statistical  treatment  found  in  Table  11  and  Diagnan  7.  and  suminar- i  'er  ;  ^ "3 
u.  0*  the  -emaininq  data  noin’rs.  two  wene  blanl-'S  that  rsac  '  ^l-A,  -h^-se  i--' 

spikes  at  0.3  TUiA  whose  found  concent  ra  t  i  c  n  was  0  TwA.  two  -je'-e  o  3  ce  ^ 
because  the  ocenaton  failed  to  oenfc'm  tne  in:ect:on.  ano  th^  'ecai^-'-n 
were  not  included  due  to  a  shift  in  the  netention  time  of  the  '.'’'-G?  an-. loo 
necessitating  that  the  agent  gate  be  adjusted.  Table  11  shows  the  alarm 
settings  calculated  for  this  data  using  the  CERTIFY  pnoqnam  and  Diagram  T 
shows  the  Target  vs.  Found  data  for  instrument  1334.  The  small  r  -  ncent  r  a.  t  i 

interval  between  the  LOQ  and  TAL  incicates  a  greater  >-1  =  1-  of  false  cos: 

and  negatives  with  tnis  method  when  analycinq  for  VX  as  onoc  =.ed  to  3E  and  A 
Mot  being  able  to  detect  the  0.3  TWA  challenge  soiv-e  is  cons  is  ten'-  .■/ ,  t'l 

high  value  for  the  LOQ.  The  found  alarm  setting  for  the  357.  confidence  le.- 

aq>-ees  with  the  manuf  ac  tur  er  '  s  recommendation,  but  with  such  a  limited 
of  data  points  used  in  this  statistical  treatment  of  the  liata,  f'-irther 
precision  and  accuracy  studies  are  recommendec  to  ensure  the  v  a  i  1  c  i  r  ot  to. 
number.  The  uncertainty  in  the  found  concentration  in  the  air  samoled  ’'tith 
this  method  was  determined  to  be  ^25.1%  (See  Diagram  7),  which  is  or  the 
threshold  of  being  unacceptable  from  what  is  •"equired  by  AMC  3S)-.3!. 
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VX  challenges  'jsioq  0.023  ng/ul  standard  along  with  a  15  .ninuta 
cycling  time  on  MINICAMS  unit  1394  were  unsuccessful  as  indicated  bv  challenge 
responses  frequently  being  out  of  acceptance  range  (Table  1).  Data  oat  "ho-jc. 

The  same  method  was  used  to  assess  the  performance  of  M 1 ’'■i  I  D  AT-'D 
i  nstrijmen  t  serial  n-mber  for  chemical  agent  -J  <  .  A  total  .o"*^  o-vta 

points  'were  collected  and  stat  i  s  c  ica  1  1  y  anal/ced.  The  results  can  oe  fouiiU 
Table  12  and  Diagram  8  with  a  bnief  summarv  appearing  in  Table  5.  -i  c 

this  t-ial.  the  problem  with  variabilit--  cf  the  ^'X--G3  analog  '-•?*- e?' t  i  r  ,  t  i  re 
was  encountered,  reouirinq  that  the  operator  readjust  the  ace  -it  pare.  -lac. 
the  ?.3  TWA  challenge  level  was  net  detected.  P'rom  TaPle  5,  the 
concentrat  ion  interval  oetween  the  TAL  and  uGQ  indicates  a  Ic-j  'is-  o  -'a;-- 
negatives  ano  positives  with  this  method.  However,  the  s  t  a  ~  i  s  t  i  c  a  1 
determined  LOD  is  in  guest-ion  since  the  0.2  TWA  challenge  level  was  not 
capable  of  being  detect-'d.  The  uncertaintv  in  the  analvtical  -es--ft='.  - 

tne  limits  set  forth  by  AMC  335-131  'See  Diagra.m  3'-.  As  found  Jit-  ;ns!-:-  ;.r..T.r-- 
1394,  challenges  with  0.023  nq.'ul  OX  using  a  15  minute  c  vc  l  i  cn.  tiro 
unsuccessful  on  this  instrument.  Instrument  raeponse  was  f  r  e-gi  ;e  n  r o' 
acceptance  range  (Table  1).  Data  not  shown. 

B .  Field  Test  Evaluation  for  Agent  G3 ■ 

Table  3  summarizes  the  results  of  testing  betn  i  ■'=  *■  - '  ;cei  r ■:  - 
the  mobile  lab  at  the  test  igloo.  The  resultant  alarm  settings  are  shown  in 
Tables  13  and  14  while  Diagrams  9  and  10  show  the  Target  vs.  Found  data. 

Based  on  the  small  concentration  interval  between  the  LP.  and  ta,'.  for  both 
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instruments,  there  is  a  great  risk  of  obtaining  false  positi  ves  and  negati  /es 
with  this  analytical  techniaue.  Additionally,  because  the  TAL  is  so  close  to 
tne  LOD,  it  would  be  assumed  that  i-'eepinq  an  instrument  ooeratirig  at  sur*^  a 
high  level  of  performance  would  be  costly  regarding  maintenance  time,  scare 
parts,  and  frequencv  of  calibration  and  quality  control  cheers.  "he  fQu:tc 
alarm  setting  for  the  95*/.  confidence  level  was  below  the  alarm  settinp 
proposed  by  the  instrument  manufacturer.  For  MIMICAMS  instrument  serial 
numoer  1394  with  an  alarm  set  at  0.80  TWA,  a  challenge  sane  Is  ria'.  inq  s  OF 
“  n  nc  en  tr  a  t  1  p  n  of  i  .  OC'  TWA  would  cause  an  instrument  alarm  on;-./  36. Fe-/  tns 

time  'Table  13'.  For  instrument  numbs-  1395.  the  same  chalisr-pe  '/jo.!'::  r  =  =  ...- 
in  an  alarm  98.03'/  of  the  time  (Table  14).  The  uncertaintv  Uz/ith  951'. 
confidence)  in  the  found  concentration  of  GB  in  an  air  sample  using  instr'ument 
1394  was  determined  to  he  :^89 . 97*/. .  which  i -a  outside  the  li.mit  set  fp-tln  i  r  c,r-ig 
385-131  (Diag-.am  9).  For  instrument  1395,  the  uncertainty  was  ceterrired  ' 
be  +86.37*/.  (Diagram  10),  also  outside  the  criteria  set  forth  in  AMC  385-1.31. 


TABLE  6 

Summary  of  Results  from  MINICAMS  Field  Testing 
Evaluation  for  Agent  GB 

Alarm  s  e  n 


Ca  lib 

3amp 1 e 

FAL 

TAL 

L;ju 

5  c  c  r  f  1  - 

I nstrument 

n 

□ 

p 

n 

□ 

□ 

3 

Size 

(TWA) 

(  TWA  > 

l,twa  ) 

level  (■"WA:. 

1394 

0.06 

890 

0 . 644 

0.400 

0’279 

0 .  F08 

1395 

0.06 

856 

0.781 

0.472 

0.349 

0.766 

83 


For  both  i nstruments  some  of  the  initial  data  sets  were 


rejected  because  of  unsatisfactory  instrument  calibrations  and  uncertaii'.t/ 
about  when  the  instruments  were  to  be  recal ibr ated .  Additional  data  sets  Mer 
collected  to  replace  rejected  sets.  During  the  test  series,  err-atic  data 
points  -.'jere  excluded  from  statistical  orccessing  when  believed  that  t^e  ■  .s’- -■ 
tied  to  an  aged  preconcentr atcr  tube.  Data  sets  were  also  excluded  if  it  v.'as 
apparent  that  the  instrument  drifted  nut  of  calibration.  When  an  injecticn 
was  measured  outside  target  limits,  it  was  frequently  rerun  as  a  rts'-t  : 
operator  error.  If  both  measured  results  were  in  reasonable'  aqre-e"'e-it  .  a  . 
were  botn  included  in  the  statistical  report;  otherwise  the  origir,:,]  i  ■  r=.:- r- .  : 
was  recorded  but  not  used  in  ttie  report. 

IV.  Discussion. 

A .  Operator  Comments  Instrument  1  . 

The  dominant  p-roblem  with  this  unit  was  wi*-h  '  .)  . 

Preconcentr ator  (RPC),  the  frequency  of  which  slowed  down  testing  at  the 
beginning  of  the  Functional  Field  Test  Program.  The  RPC  orob  !  r-im  d  '  =  =^r.- =  =  - 
midway  during  the  test  program  for  no  apparent  re.sson.  At  the  h  e^' i  n-- >  •-•c  if 
the  program  we  also  tried  to  run  2  single-agent  units  for  acditionai 
information.  As  the  single-agent  units  failed,  we  were  left  witii  oni  -he 
multiacent  units.  Possibl  /,  3  or  c.  units  created  eocunh  curren-'-  drain  -  -  -i-e 

un i nter r up  tab  1 e  power  supply  (UPS)  that  the  UPS  output  caused  the  rash  or  ^P~ 
error  messages.  More  probable,  the  instrument  itself  was  the  problem.  3ince 
the  PCT  heater  appeared  to  opera's  well  otherwise,  the  Manufacturer  can 
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probably  correrr  this  relay  error  message  easily  in  some  predetermined  timing 


c i r cu i t . 


recorder . 


No  recorder  signal  could  be  sent  from  the  NIMICAM?;  unit  to  its 
This  shoLild  be  correctable  by  the  manufacturer  or  a  ■"enai'" 


oechn i c i an . 


Flame  ignition  oroblems  may  oe  caused  by  e  ce=o  co'Tlensa  t  i  on  l 
the  heater  block  or  a  poorly  flushed  hydrogen  line  and  is  not  deemed  serious 
enough  to  reflect  upon  instrumen*  performance. 

The  instrument  was  eas-/  to  operate  and  apeeared  tz  -'esoono  --.'el 
to  agent  GB .  The  NIMICAMS  unit  did  not  appear  to  be  a  croo  1  =m  a  r-=  =  i-'t  o’-' 

van  mobility  or,  with  less  certainty,  a  mobile  power  source. 

There  is  some  problem  with  instrument  ca  1  i  br  a  t  i  o  ii .  The 
multi-agent  software  requiring  CAL  to  blink  before  GB  passes  through  the  agen 
gate  is  not  nearlv  as  user  friendly  aS  the  older  software  allr.wvoo  the 
operator  to  calibrate  anytime  during  a  cycle.  Instrument  sons i t i  .  i  o  .  to  GE 
can  change  during  the  day  although  generally  the  instrument  aocears  si- sole 
over  days.  The  instrument  may  change  sensitivity  between  locrninq  caiib-at;  :■* 
and  later  field  use,  but  it  is  felt  this  is  a  general  instrument  condition 
rather  than  a  oroblem  with  stabilisation  due  to  time  of  "warm  uo".  This 
evaluator  is  not  com-^ortable  with  sinqle-point  calibratioi  and  wcuin  '-ecommer 
mcre  *' 1  e:-- i  b  i  1  i  tv  in  calibration  and  rac  s  1  ibra  1 1  on  .  Fur  l:  ner  me  r  o  ,  -ueie  ow,  e 
a  balance  of  benefits  between  leaving  the  instruments  on  24  hours/dav  and 
shutting  them  off  at  night.  On  the  one  hand,  we  have  thermal  and  electrical 
stability;  on  the  other,  the  cc lumn  and  PCT  heaters  are  cyclical  and  would 


appear  to  be  subject  to  greater  failure  the  more  they  are  used. 

An  interferent  peak  sometimes  elutes  immediatel/  after  GB  anc 
will  be  detected  if  the  agent  gate  window  is  not  suf  f  i  c  i  ent  I  narrow.  ,  Chang 
in  nitrogen  pressure  can  cause  rhe  peak  of  interest  to  shift  outside  tne 
w  i  n  d  O  w  . 

There  appears  to  be  carrvO'.er  of  agent  from  one  cycle  ro  che 
next  when  the  PCT  has  been  used  beyond  its  useful  1 Lfe.  This  problem  can  be 
overcome  by  adopting  a  routine  changing  interval  a'^ter  the  PCT  '  s  useful  = 

car  be  established  within  tighter  bounds  than  one  day  to  one  wee!  .  "^ne 
problem  might  also  be  corrected  with  backflow  on  the  PCT  at  hioh  o.--,  -  er  a  t  ,'s 
to  desorb  i nter* erences  ana  carryover . 

B .  Cperator  Comments  Instrument  1395 . 

There  were  only  two  recordings  of  error  codes  duri.'c  t-e  rcu* 
of  ■*'ield  tests,  but  for  aoout  30  davs  this  unit  was  not  operable.  3  ,■  s  t r i 
step-by-step  attempts  to  determine  and  correct  the  problems  were  unproduct 
although  with  the  assistance  of  service  representat :  ves  of  Ch'S  Resea'C"-'  “d.'c 
this  evaluator  was  able  to  narrow  the  causes  down  tc  com, outer  chips  that 
needed  ro  be  replaced  and  a  chio  on  the  interface  '.  !/□)  board  that-  was  no 
work i ng . 

Repairs  of  this  unit  bv  Ch’S  did  in  fact  involve  •-pQ  i 
the  EPROM  and  BIOS  computer  chips,  and  the  U13  PIA  chip  on  the  I/O  board. 
NVRAM  computer  chip  was  then  downloaded  with  the  proper  software  package. 
Whatsmore,  several  of  er  repairs  were  done  to  upgrade  and  stabilize  internal 
parts. 


26 


Since  installing  the  repaired  unit,  there  were  no  errcr 
messages  or  instrument  malfunctions  in  over  65  hours  of  operating  time. 

'  The  instrument  is  easv  to  operate  and  did  not  appear  to  he 

adversely  affected  by  truck  mobility  or  use  of  a  mobile  oower  source. 

Instrument  1 3'?5  was  not  necessarily  calibrated  dn:lv  because 
the  test  plan  guidelines  said  only  to  calibrate  when  necessar.  .  ^iccc,-w  j  I ^ 
on  some  days  the  instrument  was  found  to  be  somewhat  out  c a  1  •  b -  a *- i  .  G-' 

when  it  was  clear  that  unit  1395  was  mi  seal  ibrated  ,  or  had  d-irted  ''ur  z  f 
calibration  by  a  significant  degree,  was  it  reca 1 i orated . 

Because  of  an  interferent  peak  that  elutes  immediata: 
the  GB  peak,  the  agent  gate  window  has  to  be  set  ver  y  "tight]  arcund  the  3B 
peak  which  leaves  little  room  for  shift  in  retention  time  whene/i? r  there  is  a 
change  in  nitrogen  pressure.  A  longer  chromatographic  column  i.culd  oer-iaps 
give  better  resolution  between  these  peaks,  yielding  mere  fie  :til:tv  It  rb  i  ? 
type  of  analysis. 

Confident  determination  of  which  injection  to  accept  tc- 
calibration  is  illusive  because  of  the  "single-point"  calibration  technique. 
For  example,  it  would  be  beneficial  for  the  user  to  be  able  to  input  the 
results  from  three  successive  injections  and  enter  the  average  as  the 
calibration  value.  Also,  the  multiagent  software  requiring  CAL  to  b  1  i 
before  the  agent  peak  passes  through  the  gate  is  not  nearly  as  user  trieraly 
as  the  single-agent  software  allowing  the  operator  to  calibrate  anytime  durinc 
a  eye  1 n . 
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V.  Conclumions 


Both  instruments  have  successfully  demonstrated  tl'e  abi,’.  itv  t 
detect  GB  and  HD  when  operated  in  the  laboratory.  The  small  cnrcen  t  r  a  t  i  c;  i  ■ 

interval  between  the  LOQ  and  TAL  for  VV  on  instrument  i;-i;catS'=  a  :  ir 

ris!^  of  false  negatives  when  sampling  at  1  TWA.  For  the  field  tesiing 
GB ,  both  instruments  had  a  small  interval  between  LOO  and  TAL.  'n  adoi*:io''. 
the  uncertaintv  in  found  concentrat  ions  was  greater  than  cz",  oo-.h 

instruments.  Field  testing  for  HD  and  VX  is  still  needed  before  tbo^g  aoe  *- 
are  routinely  monitored.  Detection  of  HD  in  the  lap  setti-ig  joois  n'or'is;  o 
and  we  evpect  success  in  the  field.  The  reliabilitv  of  dete;“.o‘  "n  ^ 
routine  basis  is  still  in  guestion.  It  is  clear  that  the  ope-ators  of  tmse 

instruments  will  need  thorough  maintenance  training.  Due  to  a  lad 

rugqedness  in  design,  if  this  method  is  to  be  incorporated  i'-'tz  i  i  ■-  ■r\z z-- : 
of  chemical  warfare  agents,  an  abundance  of  spare  parts  will  be  regiiied. 


P.B 


VI.  Racofflmcndations 


The  MINICAMS  as  currentiv  configured  may  (reet  surveillance 
requirements  for  HD.  We  recommend  they  be  field  tested  for  this  agent, 
the  instrjmenr  did  not  perform  well  in  the  laboratcr-.  -lith.  'JV  and  conaid;- 


3  recent  article  in  Analytical  Chemistry,  Vo  1  .  £>3,  ops.  457-45‘T,  :<=o;  ir,-, 

Ketlar  et.al.  which  indicates  VX  cannot  be  quan  t  i  tat  i  ve  1  v  transporter: 


a  r  V  tuOinp,  we  •' -j^friend  not  trv'.rq  tc  monitor  vX  with  toe  '•'IfoTCAMS  Tod;  ] -~ 


■;  apnr  ate  r  . 


jpon  examination  of  the  GB  field  hast  osta.  it  aor=3-=  r-^- 

or'anqinq  the  cclumn  pacting  in  the  p r eroncen t r  a t o r  tube  and  •  or  c h --i no  ;  [•■d  ’■c 

liquid  phase  on  the  capillary  column  might  enhance  the  cerformanre  nf  the 
MTNICAMS.  Also,  allowing  for  greater  operator  control  over  hev 
'chromatograph  i  c  parameters,  such  as  column  temperature,  held  times,  and 
-ates  'would  give  each  MINI  CAMS  unit  the  fle:;ibilitv  to  be  Gptioi.-'ad  'O'-  ‘r.-^ 

particular  air  en- i  ronment  being  sampled,  allowing  interference  oeai-s  *-o  o 
more  read’!'/  separated  from  the  agent  oeah  .  A  bacl-'f'.ush  ar anoereor  t:-  =r 


carryover  on  the  preconcentratcr  tubes  is  also  recommended .  If  these 
mod i f icat ions  are  made  we  suggest  the  data  in  this  recort  indicate  a  ooten 
for  success  in  monitoring  G3  in  storage  igloos  using  a  Mlti’CA'-'S  mohi  1  = 
i  aror  ato-',  . 
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Table  7 

Alarm  settings  for  GB  on  instrument  1394  Acceptance  Testing  using  the  0.055  ppm  Calibration  Std 

PROBABILITY  OF  ALARM 


CONCENTRATION  (Z) 

INSTRUMENT 


SETTING 

0.2000 

0.4000 

0.6000 

0.8000 

1.0000 

1.2000 

1.4000 

0.2: 

0.4781 

0.9997 

0.9992 

0.9991 

0.9899 

1.0000 

1.0000 

0.4! 

0.0001 

0.7119 

0.9996 

0.9987 

1.0000 

0.9930 

0.9907 

0.61 

0.0000 

0.0033 

0.8327 

0.9994 

0.9997 

1.0000 

1.0000 

0.8! 

0.0000 

0.0000 

0.0283 

0.8921 

0.9993 

1.0000 

0.9991 

1.0! 

0.0000 

0.0000 

0.0000 

0.1068 

0.9234 

0 . 999 1 

1.0000 

1.2! 

0.0000 

0.0000 

0.0000 

0.0005 

0.2357 

0.9414 

0.9988 

ALARM  SETTING  FOR  95%  CONFIDENCE  LEVEL  »  0.9783 
ALARM  SETTING  FOR  97.5%  CONFIDENCE  LEVEL  «  0.9457 
ALARM  SETTING  FOR  99%  CONFIDENCE  LEVEL  «  0.9059 


PROBABILITY  OF  FALSE  ALARM 
AT 

CONCENTRATION  (Z) 

INSTRUMENT 


SETTING 

0.1000 

0.3000 

0.5000 

0.7000 

0.9000 

1 .  1000 

0.05! 

0.2386 

0.0000 

0.0000 

0.0113 

0.0000 

0.0000 

0.101 

0.6773 

0.0003 

0.0000 

0.0074 

0.0012 

0.0000 

0.15! 

0.9436 

0.0020 

0.0015 

0.0000 

0.0105 

0.0000 

0.20! 

0.9951 

0.0173 

0.0000 

0.0000 

0.0100 

0.0012 

0.25! 

0.9997 

0. 1082 

0.0000 

0.0000 

0.0029 

0.0098 

0.30! 

1.0000 

0.3886 

0.0004 

0.0015 

0.0000 

0.0110 

0.35! 

1.0000 

0.7548 

0.0019 

0.0005 

0.0000 

0.0060 

0.40! 

1.0000 

0.9470 

0.0120 

0.0000 

0.0000 

0.0000 

0.45! 

1.0000 

0.9928 

0.0604 

0.0000 

0.0014 

0.0000 

0.50! 

1.0000 

0.9992 

0.2169 

0.0005 

0.0009 

0.0000 

0.55! 

1.0000 

0.9999 

0.5091 

0.0021 

0.0000 

0.0000 

0.60! 

1.0000 

1.0000 

0.7960 

0.0099 

0.0000 

0.0014 

0.65! 

1.0000 

1.0000 

0.9445 

0.0404 

0.0002 

0.0011 

0.70! 

1.0000 

I .0000 

0.9891 

0. 1326 

0.0006 

0.0000 

0.75! 

1.0000 

1.0000 

0.9983 

0.3277 

0.0024 

0.0000 

0.80! 

1.0000 

1.0000 

0.9997 

0.5936 

0.0090 

0.0000 

0.85! 

1.0000 

1.0000 

1.0000 

0.8191 

0.0305 

0.0003 

0.90! 

1.0000 

1.0000 

1.0000 

0.9402 

0.0900 

0.0008 

0.95! 

1.0000 

1.0000 

1.0000 

0.9845 

0.2181 

0.0027 

PROBABILITY  OF  FALSE  ALARM 

AT  ALARM  SETTING  OF  0.9457  AND  TC  OF  0.5  Z  »  0.000 

TARGET  CONCENTRATION  AT  WHICH  PROBABILITY  OF  FALSE 
ALARM  WITH  ALARM  SETTING  OF  0.9457  IS  LESS  THAN 
5  PERCENT  (%)  «  0.730 
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Table  8 

Alarm  settings  for  GB  on  instrument  1395  Acceptance  Testing  using  the  0.055  ppm  Calibration  Std 

PROBABILITY  OF  ALARM 


CONCENTRATION  (Z) 


INSTRUMENT 


SETTING 

0.2000 

0.4000 

0.6000 

0.8000 

1.0000 

1.2000 

1.4000 

0.2! 

0.9061 

0.9993 

0.9990 

0.9967 

1.0000 

1.0000 

1.0000 

0.4! 

0.0002 

0.9417 

1.0000 

1.0000 

0.9920 

0.9954 

1.0000 

0.6! 

0.0000 

0.0053 

0.9548 

1.0000 

0.9991 

1.0000 

0.9899 

0.8! 

0.0000 

0.0000 

0.0420 

0.9608 

0.9998 

0.9988 

1.0000 

1.0! 

0.0000 

0.0000 

0.0000 

0.1359 

0.9641 

0.9997 

0.9998 

1.2! 

0.0000 

0.0000 

0.0000 

0.0003 

0.2650 

0.9660 

0.9995 

ALARM 

SETTING 

FOR  95% 

CONFIDENCE  LEVEL 

»  1.0138 

ALARM  SETTING  FOR  97.5%  CONFIDENCE  LEVEL  >  0.9853 
ALARM  SETTING  FOR  99%  CONFIDENCE  LEVEL  »  0.9506 


PROBABILITY  OF  FALSE  ALARM 
AT 

CONCENTRATION  (Z) 

INSTRUMENT 


SETTING 

0.1000 

0.3000 

0.5000 

0.7000 

0.9000 

1 . 1000 

0.05! 

0.0065 

0.0000 

0.0054 

0.0000 

0.0000 

0.0000 

0.10! 

0.1357 

0.0015 

0.0099 

0.0000 

0.0000 

0.0000 

0.15! 

0.6754 

0.0000 

0.0000 

0.0034 

0.0000 

0.0000 

0.20! 

0.9734 

0.0004 

0.0000 

0.0114 

0.0000 

0.0000 

0.25! 

0.9992 

0.0058 

0.0014 

0.0036 

0.0034 

0.0000 

0.30! 

1.0000 

0.0713 

0.0000 

0.0000 

0.0114 

0.0000 

0.35! 

1.0000 

0.3939 

0.0000 

0.0000 

0.0070 

0.0041 

0.40! 

1.0000 

0.8309 

0.0007 

0.0014 

0.0000 

0.0112 

0.45! 

1 . 0000 

0.9815 

0.0066 

0.0003 

0.0000 

0.0088 

0.50! 

1.0000 

0.9988 

0.0503 

0.0000 

0.0000 

0.0013 

0.55! 

1.0000 

0.9999 

0.2390 

0.0003 

0.0015 

0.0000 

0.60! 

1 . 0000 

1.0000 

0.6067 

0.0012 

0.0005 

0.0000 

0.65! 

1 . 0000 

1.0000 

0.8911 

0.0079 

0.0000 

0.0000 

0.70! 

1.0000 

1.0000 

0.9828 

0.0417 

0.0000 

0.0015 

0.75! 

1.0000 

1.0000 

0.9981 

0. 1632 

0.0005 

0.0006 

0.80! 

1 . 0000 

1.0000 

0 . 9998 

0.4257 

0.0020 

0.0000 

0.85! 

1.0000 

1 . 0000 

1.0000 

0.7311 

0.0092 

0.0000 

0.90! 

1 . 0000 

1.0000 

1.0000 

0.9178 

0.0373 

0.0003 

0.95! 

1.0000 

1.0000 

1.0000 

0.9824 

0. 1232 

0.0008 

PROBABILITY  OF  FALSE  ALARM 

AT  ALARM  SETTING  OF  0.9853  AMD  TC  OF  0 . 5  Z  «  0.000 

TARGET  CONCENTRATION  AT  WHICH  PROBABILITY  OF  FALSE 
ALARM  WITH  ALARM  SETTING  OF  0.9853  IS  LESS  THAN 
5  PERCENT  (%)  «  0.755 
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Table  9 

Alarm  settings  for  HD  on  instrument  1394  Acceptance  Testing  using  the  1.62  ppm  Calibration  Std 

PROBABILITY  OF  ALARM 


CONCENTRATION  (Z) 


INSTRUMENT 


SETTING 

0.2000 

0.4000 

0.6000 

0.8000 

1.0000 

1.2000 

1.4000 

0.21 

0.2872 

0.9609 

0.9997 

1.0000 

0.9991 

1.0000 

1.0000 

0.4! 

0.0020 

0.3203 

0.9513 

0.9994 

1.0000 

0.9994 

1.0000 

0.6! 

0.0000 

0.0045 

0.3514 

0.9403 

0.9988 

1.0000 

I. 0000 

0.8! 

0.0000 

0.0000 

0.0090 

0.3794 

0.9283 

0.9977 

0.9999 

1.0! 

0.0000 

0.0000 

0.0000 

0.0165 

0.4040 

0.9160 

0.9960 

1.2! 

0.0000 

0.0000 

0.0000 

0.0001 

0.0272 

0.4253 

0.9036 

ALARM  SETTING  FOR  95%  CONFIDENCE  LEVEL  *  0.7780 
ALARM  SETTING  FOR  97.5%  CONFIDENCE  LEVEL  »  0.7391 
ALARM  SETTING  FOR  99%  CONFIDENCE  LEVEL  »  0.6928 


PROBABILITY  OF  FALSE  ALARM 
AT 

CONCENTRATION  (Z) 

INSTRUMENT 


SETTING 

0. 1000 

0.3000 

0.5000 

0.7000 

0.9000 

1 . 1000 

0.05! 

0.4891 

0.0092 

0.0000 

0.0005 

0.0000 

0.0000 

0.10! 

0.7295 

0.0350 

0.0002 

0.0000 

0.0005 

0.0000 

0. 15! 

0.8926 

0. 1062 

0.0008 

0.0000 

0.0009 

0.0000 

0.20! 

0.9680 

0.2526 

0.0035 

0.0000 

0.0004 

0.0000 

0.25! 

0.9926 

0.4693 

0.0134 

0.0001 

0.0000 

0.0007 

0.30! 

0.9986 

0.6961 

0.0436 

0.0004 

0.0000 

0.0008 

0.35! 

0.9998 

0.8637 

0.1171 

0.0016 

0.0000 

0.0004 

0.40! 

1.0000 

0.9522 

0.2554 

0.0059 

0.0001 

0.0000 

0.45! 

1.0000 

0.9867 

0.4531 

0.0192 

0.0003 

0.0000 

0.50! 

1.0000 

0.9970 

0.6638 

0.0541 

0.0009 

0.0000 

0.55! 

1.0000 

0.9994 

0.8313 

0.  1292 

0.0030 

0.0001 

0.60! 

1.0000 

0.9999 

0.9313 

0.2600 

0.0094 

0.0002 

0.65! 

1.0000 

1.0000 

0.9770 

0.4400 

0.0265 

0.0005 

0.70! 

1.0000 

1.0000 

0.9936 

0.6342 

0.0656 

0.0017 

0.751 

1.0000 

1.0000 

0.9985 

0.7978 

0. 1419 

0.0051 

0.80! 

1.0000 

1.0000 

0.9997 

0.9061 

0.2653 

0  0140 

0.85! 

1.0000 

l.OOOO 

0.9999 

0.9632 

0.4297 

0  0349 

0.90! 

1.0000 

1.0000 

l.OOOO 

0.9877 

0.6079 

O.0778 

0.95! 

1.0000 

1.0000 

1.0000 

0.9964 

0.7651 

0. 1543 

PROBABILITY  OF  FALSE  ALARM 

AT  ALARM  SETTING  OF  0.7391  AND  TC  OF  0 . 5  Z  -  0.002 

TARGET  CONCENTRATION  AT  WHICH  PROBABILITY  OF  FALSE 
ALARM  WITH  ALARM  SETTING  OF  0.7391  IS  LESS  THAN 
5  PERCENT  (%)  «  0.013 
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Table  10 

Alarm  settings  for  HD  on  instrument  1395  Acceptance  Testing  using  the  1.62  ppm  Calibration  Std. 

PROBABILITY  OF  ALARM 

CONCENTRATION  (Z) 

INSTRUMENT 


SETTING 

0.2000 

0.4000 

0.6000 

0.8000 

1.0000 

1.2000 

1.4000 

0.2: 

0.9559 

1.0000 

1.0000 

0.9998 

0.9996 

0.9995 

0.9994 

0.4! 

0.0000 

0.7993 

0.9982 

0.9999 

1.0000 

1.0000 

1.0000 

o.s; 

0.0000 

0.0011 

0.7127 

0.9853 

0.9987 

0.9997 

0.9999 

0.8! 

0.0000 

0.0000 

0.0280 

0.6680 

0.9589 

0.9941 

0.9988 

1 .0: 

0.0000 

0.0000 

0.0000 

0.0873 

0.6416 

0.9266 

0.9850 

1.2! 

0 . 0000 

0.0000 

0.0000 

0.0013 

0.1494 

0.6243 

0.8941 

ALARM 

SETTING 

rOR  95X 

CONFIDENCE  LEVEL 

«  0.8140 

ALARM  SETTING  FOR  97. 5X  CONFIDENCE  LEVEL  >  0.7664 
ALARM  SETTING  FOR  99%  CONFIDENCE  LEVEL  -  0.7097 


PROBABILITY  OF  FALSE  ALARM 
AT 

CONCENTRATION  (Z) 

INSTRUMENT 


SETTING 

0. 1000 

0.3000 

0.5000 

0.7000 

0.9000 

1.1000 

0.05! 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0004 

0.10! 

0.0156 

0.0005 

0.0005 

0.0007 

0.0008 

0.0008 

0.15! 

0.8026 

0.0000 

0.0006 

0.0007 

0.0008 

0.0008 

0.20! 

0.9998 

0.0001 

0.0000 

0.0001 

0.0003 

0.0004 

0.25! 

1.0000 

0.0062 

0.0000 

0.0000 

0.0000 

0.0001 

0.30! 

1.0000 

0.1273 

0.0003 

0.0000 

0.0000 

0.0000 

0.35! 

1.0000 

0.6195 

0.0021 

0.0001 

0.0000 

0.0000 

0.40! 

1.0000 

0.9577 

0.0152 

0.0004 

O.OOOl 

0.0000 

0.45! 

1.0000 

0.9988 

0.0760 

0.0016 

0.0002 

0.0000 

0.50! 

1.0000 

1.0000 

0.2518 

0.0063 

0.0005 

0.0001 

0.55! 

1.0000 

1.0000 

0.5438 

0.0220 

0.0014 

0.0002 

0.60! 

1.0000 

1.0000 

0.8122 

0.0644 

0.0040 

0.0005 

0.65! 

1.0000 

1.0000 

0.9498 

0. 1566 

0.0108 

0.0013 

0.70! 

1.0000 

1.0000 

0.9910 

0.3129 

0.0267 

0.0031 

0.75! 

1.0000 

1.0000 

0.9988 

0.5152 

0.0595 

0.0069 

0.80! 

1.0000 

1.0000 

0.9999 

0.7134 

0.1197 

0.0148 

0.85! 

1 . 0000 

1 . 0000 

1.0000 

0.8606 

0.2155 

0.0300 

0.90! 

1.0000 

1.0000 

l.OOOO 

0.9443 

0.3467 

0.0569 

0.95! 

I. 0000 

1.0000 

1.0000 

0.9815 

0.5006 

0.1010 

PROBABILITY  OF  FALSE  ALARM 

AT  ALARM  SETTING  OF  0.7664  AND  TC  OF  0.5  Z  >  0.001 

TARGET  CONCENTRATION  AT  WHICH  PROBABILITY  OF  FALSE 
ALARM  WITH  ALARM  SETTING  OF  0.7664  IS  LESS  THAN 
5  PERCENT  (%)  »  0.591 
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Table  11 

Alarm  settings  for  VX  on  instrument  1394 

PROBABILITY  OF  ALARM 


CONCENTRATION  (Z) 


INSTRUMENT 


SETTING 

0.2000 

0.4000 

0.6000 

0.8000 

1.0000 

1.2000 

1.4000 

0.2! 

0.8347 

0.9945 

0.9999 

1.0000 

0.9990 

1.0000 

1.0000 

0.4! 

0. 1499 

0.7640 

0.9875 

0.9997 

1 . 0000 

0.9995 

0.9994 

0.6! 

0.0019 

0.1132 

0.6834 

0.9741 

0.9990 

1.0000 

1.0000 

0.8! 

0.0000 

0.0015 

0.0881 

0.6004 

0.9515 

0.9973 

0.9998 

1.0! 

0.0000 

0.0000 

0.0013 

0.0712 

0.5218 

0.9184 

0.9936 

1.2! 

0.0000 

0.0000 

0.0000 

0.0013 

0.0598 

0.4515 

0.8753 

ALARM 

SETTING 

FOR  95% 

CONFIDENCE  LEVEL 

*  0.8020 

ALARM 

SETTING 

FOR  97.5%  CONFIDENCE  LEVEL  *  0.7607 

ALARM 

SETTING 

FOR  99% 

CONFIDENCE  LEVEL 

»  0.7113 

PROBABILITY  OF  FALSE  ALARM 
AT 

CONCENTRATION  (Z) 

INSTRUMENT 


SETTING 

0. 1000 

0.3000 

0.5000 

0.7000 

0.9000 

1 . 1000 

0.05! 

0.0554 

0.0010 

0.0000 

0.0007 

0.0000 

0.0000 

0.  10! 

0. 1354 

0.0036 

0.0001 

0.0001 

0.0006 

0.0000 

0.15! 

0.2759 

0.0121 

0.0002 

0.0000 

0.0010 

0.0000 

0.20! 

0.4671 

0.0359 

0.0007 

0.0000 

0.0005 

0.0001 

0.25! 

0.6667 

0.0919 

0.0025 

0.0000 

0.0000 

0.0009 

0.30! 

0.8262 

0.1990 

0.0084 

0.0002 

0.0000 

0.0008 

0.35! 

0.9247 

0.3622 

0.0247 

0.0006 

0.0000 

0.0003 

0.40! 

0.9726 

0.5572 

0.0641 

0.0020 

0.0001 

0.0000 

0.45! 

0.9915 

0.7386 

0.1438 

0.0063 

0.0002 

0.0000 

0.50! 

0.9977 

0.8702 

0.2755 

0.0182 

0.0006 

0.0000 

0.55! 

0.9994 

0.9457 

0.4510 

0.0468 

0.0017 

0.0001 

0.60! 

0 . 9999 

0.9806 

0.6372 

0.  1061 

0.0052 

0.0002 

0.65! 

1.0000 

0.9940 

0.7944 

0.2093 

0.0143 

0.0006 

0.70! 

1.0000 

0.9983 

0.9006 

0.3583 

0.0359 

0.0016 

0.75! 

1.0000 

0.9996 

0.9587 

0.5342 

0.0807 

0.0046 

0.80! 

1.0000 

0.9999 

0.9851 

0.7033 

0.1610 

0.0120 

0.85! 

1 .0000 

1.0000 

0.9952 

0.835^ 

0.2833 

0.0289 

0.90! 

1.0000 

1.0000 

0.9986 

0.92  *'! 

0 . 4398 

0.0637 

0.95! 

1.0000 

1.0000 

0.9996 

0.9669 

0.6069 

0. 1265 

PROBABILITY  OF  FALSE  ALARM 

AT  ALARM  SETTING  OF  0.7607  AND  TC  OF  0.5  Z  «  0.034 


TARGET  CONCENTRATION  AT  WHICH  PROBABILITY  OF  FALSE 
ALARM  WITH  ALARM  SETTING  OF  0.7607  IS  LESS  THAN 
5  PERCENT  (%)  •  0.522 
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Table  12 

Alarm  settings  for  VX  on  instrument  1395 

PROBABILITY  OF  ALARM 


CONCENTRATION  (Z) 


INSTRUMENT 


SETTING 

0.2000 

0.4000 

0.8000 

0.8000 

1.0000 

1.2000 

1.4000 

0.2: 

0.9970 

1.0000 

1.0000 

0.9941 

0.9908 

0.9898 

0.9898 

0.4: 

0.9488 

0.9997 

1.0000 

0.9943 

0.9916 

0.9974 

1.0000 

0.8: 

0.0000 

0. 1974 

0.9975 

1.0000 

0.9992 

1.0000 

1.0000 

0.8: 

0.0000 

0.0000 

0.0139 

0.8582 

0.9990 

1.0000 

0.9996 

1 .0: 

0.0000 

0.0000 

0.0000 

0.0018 

0.4272 

0.9678 

0.9993 

1.2: 

0.0000 

0.0000 

0.0000 

0.0000 

0.0003 

0. 1438 

0.8008 

ALARM 

SETTING 

FOR 

95% 

CONFIDENCE 

LEVEL 

»  0.8930 

ALARM 

SETTING 

FOR 

97. 

5%  CONFIDENCE  LEVEL 

*  0.8737 

ALARM 

SETTING 

FOR 

99% 

CONFIDENCE 

LEVEL 

=  0.8507 

PROBABILITY  OF  FALSE  ALARM 
AT 

CONCENTRATION  (Z) 

INSTRUMENT 


SETTING 

0.1000 

0.3000 

0.5000 

0.7000 

0.9000 

1.1000 

0,05: 

O.OllO 

0.0000 

0.0000 

0.0000 

0.0060 

0.0268 

0.  lo: 

0.0150 

0.0351 

0.0283 

0.0369 

0.0440 

0.0472 

0. 15: 

0.0000 

0.0184 

0.0402 

0.0421 

0.0406 

0.0380 

o.2o: 

0.0000 

0.0000 

0.0000 

0.0025 

0.0080 

0.0099 

0.25: 

0.0005 

0.0089 

0.0000 

0.0000 

0.0000 

0.0000 

o.3o: 

0.0006 

0.0000 

0.0087 

0.0000 

0.0000 

0.0000 

0.35: 

0.  1841 

0.0005 

0.0000 

0.0089 

0.0016 

0.0000 

0. 40 : 

0.9512 

0.0001 

0,0000 

0.0003 

0.0086 

0.0060 

0.45: 

0.9999 

0.0170 

0.0001 

0.0000 

0.0007 

0.0079 

o.5o: 

1.0000 

0.4120 

0.0001 

0.0009 

0.0000 

0.0007 

0.55: 

1.0000 

0.9560 

0.0040 

0.0000 

0.0003 

0.0000 

0.80: 

1.0000 

0.9997 

0.0995 

0.0001 

0.0005 

0.0000 

0.65: 

1.0000 

1.0000 

0.5717 

0.0018 

0.0000 

0.0009 

o.7o: 

1.0000 

1.0000 

0.9486 

0.0310 

0.0001 

0.0001 

0.75: 

1.0000 

1.0000 

0.9985 

0.2286 

0.0012 

0.0000 

o.8o: 

1.0000 

1.0000 

1.0000 

0.6611 

0.0134 

0.0001 

0.85: 

1.0000 

1.0000 

1.0000 

0.9309 

0.0934 

0.0009 

o.9o: 

1.0000 

1.0000 

1.0000 

0.9056 

0.3500 

0.0074 

0.95: 

1.0000 

1.0000 

1.0000 

0.9008 

0.7130 

0.0443 

PROBABILITY  OF  FALSE  ALARM 

AT  ALARM  SETTING  OF  0.8737  AND  TC  OF  0 . 8  Z  >  0.000 

TARGET  CONCENTRATION  AT  WHICH  PROBABILITY  OF  FALSE 
ALARM  WITH  ALARM  SETTING  OF  0.8737  IS  LESS  THAN 
5  PERCENT  (%)  »  0.725 
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Table  13 

Alarm  settings  for  GB  on  instrument  13%.  for  Field  testing 

PB0BABILIT7  OF  ALABM 


CONCENTBATION  (Z) 


IMSTBUMENT 


SETTING 

0.2000 

0.4000 

0.6000 

0.8000 

1.0000 

1.2000 

1.4000 

0.21 

0.7658 

0.9910 

0.9995 

0.9999 

1.0000 

1.0000 

1.0000 

0.4! 

0.0259 

0.6625 

0.9623 

0.9960 

0.9994 

0.9999 

1.0000 

0.6! 

0.0000 

0.0623 

0.5957 

0.9183 

0.9859 

0.9973 

0.9994 

0.8! 

0.0000 

0.0003 

0.0973 

0.5506 

0.8695 

0.9683 

0.9922 

1.0! 

0.0000 

0.0000 

0.0024 

0.1270 

0.5186 

0.8222 

0.9447 

1.2! 

0.0000 

0.0000 

0.0000 

0.0082 

0.1513 

0.4949 

0.7793 

ALABM  SETTING  FOB  95%  CONFIDENCE  LEVEL  >  0.7029 
ALABM  SETTING  FOB  97.5%  CONFIDENCE  LEVEL  »  0.6439 
ALABM  SETTING  FOB  99%  CONFIDENCE  LEVEL  -  0.5751 


PROBABILITY  OF  FALSE  ALABM 
AT 

CONCENTBATION  (Z) 

INSTBUMENT 


SETTING 

0. 1000 

0.3000 

0.5000 

0.7000 

0.9000 

1.1000 

0.05! 

0.0368 

0.0004 

0.0000 

0.0000 

0.0000 

0.0000 

0.101 

0.1642 

0.0026 

0.0001 

0.0000 

0.0000 

0.0000 

0.15! 

0.4358 

0.0127 

0.0005 

0.0000 

0.0000 

0.0000 

0.20! 

0.7436 

0.0468 

0.0019 

0.0002 

0.0000 

0.0000 

0.25! 

0.9290 

0.1328 

0.0069 

0.0005 

0.0001 

0.0000 

0.30! 

0.9886 

0.2916 

0.0208 

0.0016 

0.0002 

0.0000 

0.35! 

0.9990 

0.5067 

0.0537 

0.0047 

0.0006 

0.0001 

0.40! 

0.9999 

0.7199 

0.1187 

0.0120 

0.0015 

0.0002 

0.45! 

1.0000 

0.8743 

0.2263 

0.0279 

0.0036 

0.0006 

0.50! 

1.0000 

0.9563 

0.3744 

0.0585 

0.0081 

0.0013 

0.55! 

1.0000 

0.9884 

0.5442 

0.1109 

0.0172 

0.0029 

0.60! 

1.0000 

0.9976 

0.7062 

0.1909 

0.0338 

0.0061 

0.65! 

1.0000 

0.9996 

0.8347 

0.2991 

0.0620 

0.0119 

0.70! 

1.0000 

1.0000 

0.9196 

0.4289 

0.1060 

0.0220 

0.75! 

1.0000 

1.0000 

0.9664 

0.5671 

0.1692 

0.0387 

0.80! 

1.0000 

1.0000 

0.9880 

0.6974 

0.2526 

0.0647 

0.88! 

1.0000 

1.0000 

0.9963 

0.8063 

0.3538 

0.1026 

0.90! 

1 .ooco 

1.0000 

0.9990 

0.8871 

0.4667 

0. 1546 

0.95! 

1.00.0 

1.0000 

0.9998 

0.9403 

0.5824 

0.2216 

PBOBABILITY  OF  FALSE  ALABM 

AT  ALABM  SETTING  OF  0.6430  AND  TC  OF  0.5  Z  *  0.179 

TABGET  CONCENTBATION  AT  WHICH  PBOBABILITY  OF  FALSE 
ALABM  WITH  ALABM  SETTING  OF  0.6430  IS  LESS  THAN 
5  PERCENT  (%)  «  0.427 
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Table  14 

Alarm  settings  for  GB  on  instrument  1395  for  piel-d  Testing 

PROBABILITY  OF  ALARM 


CONCENTRATION  (Z) 


INSTRUMENT 


SETTING 

0.2000 

0.4000 

0.6000 

0.8000 

1.0000 

1.2000 

1.4000 

0.2! 

0.8274 

0.9962 

0.9999 

1.0000 

1.0000 

1.0000 

1.0000 

0.4! 

0.0662 

0.7265 

0.9839 

0.9995 

1.0000 

1.0000 

1.0000 

0.6! 

0.0000 

0.0696 

0.6359 

0.9583 

0.9974 

0.9999 

1.0000 

0.8! 

0.0000 

0.0002 

0.0732 

0.5608 

0.9203 

0.9918 

0.9993 

l.O! 

0.0000 

0.0000 

0.0006 

0.0767 

0.5002 

0.8740 

0.9810 

1.2! 

0.0000 

0.0000 

0.0000 

0.0014 

0,0798 

0.4516 

0.8239 

ALARM 

SETTING 

FOR 

95% 

CONFIDENCE 

LEVEL 

=  0.7660 

ALARM 

SETTING 

FOR 

97. 

5%  CONFIDENCE  LEVEL 

=  0.7208 

ALARM 

SETTING 

FOR 

99% 

CONFIDENCE 

LEVEL 

^  0.6682 

PROBABILITY  OF  FALSE  ALARM 
AT 

CONCENTRATION  (Z) 

INSTRUMENT 


SETTING 

0. 1000 

0.3000 

0.5000 

0.7000 

0.9000 

1 . 1000 

0.05! 

0.0340 

0.0002 

0.0000 

0.0000 

0.0000 

0.0000 

0.10! 

0.1232 

0.0014 

0.0000 

0.0000 

0.0000 

0.0000 

0.15! 

0.3117 

0.0074 

0.0001 

0.0000 

0.0000 

0.0000 

0.20! 

0.5709 

0.0299 

0.0004 

0.0000 

0.0000 

0.0000 

0.25! 

0.8017 

0.0931 

0.0021 

0.0000 

0.0000 

0.0000 

0.30! 

0.9351 

0.2236 

0.0085 

0.0002 

0.0000 

0.0000 

0.35! 

0.9853 

0.4221 

0.0281 

0.0008 

0.0000 

0.0000 

0.40! 

0.9977 

0.6433 

0.0763 

0.0029 

0.0001 

0.0000 

0.45! 

0.9998 

0.8240 

0. 1714 

0.0096 

0.0004 

0.0000 

0.50! 

1.0000 

0.9322 

0.3206 

0.0272 

0.0012 

0.0001 

0.55! 

1.0000 

0.9799 

0.5070 

0.0661 

0.0039 

0.0002 

0.60! 

1.0000 

0.9954 

0.6918 

0. 13a7 

0.0108 

0.0006 

0.65! 

1.0000 

0.9992 

0.8374 

0.2529 

0.0268 

0.0018 

0.70! 

1.0000 

0.9999 

0.9286 

0.4036 

0.0593 

0.0048 

0.75! 

1.0000 

1.0000 

0.9741 

0.5705 

0. 1171 

0.0118 

0.80! 

1.00( 0 

1.0000 

0.9923 

0.7254 

0.2068 

0.0267 

0.85! 

1  ^000 

1.0000 

0.9981 

0.8461 

0.3281 

0.0546 

0.90! 

1.0000 

1.0000 

0.9996 

0.9250 

0.4712 

0. 1021 

0.95! 

1.0000 

1.0000 

0.9999 

0.9684 

0.6181 

0. 1744 

PROBABILITY  OF  FALSE  ALARM 

AT  ALARM  SETTING  OF  0.7208  AND  TC  OF  0 . 5  Z  *  0.048 

TARGET  CONCENTRATION  AT  WHICH  PROBABILITY  OF  FALSE 
ALARM  WITH  ALARM  SETTING  OF  0.7208  IS  LESS  THAN 
5  PERCENT  (%)  *  0.502 
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Diagram  6 

Target  vs.  Found  Data  for  HD  Testing  on  Instrument  1395  using  sthe  1.62  ppm  Calibration  Standard 
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Target  vs.  Found  Data  for  VX  Testing  on  Instrument  1394 
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lAllGET  vs.  FOUND 
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iIES:  3/5/91  -  4/1/91 

iagram  9 

Field  Testing  on  Instrument  1394 


%  ums  it) 
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UB:  SNCPB-QAL  DATES:  7-13  Nap  1 16-24  Apr  91 

Diagram  10 

Target  vs.  Found  Data  for  GB  Field  Testing  on  Instrument  1395 
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1.1  BMXSROOIID*  Tixwt  antry  oenitering  of  ehomisal  atoxaqm  dopeta  eurraatly 
eeaaiata  of  laeorperattsg  a  ooabliutioa  of  butoblaror  blua  band  dataetor  tubaif 
tad  Ml  autoaatio  ohaoioai  dataetoao.  zftaaa  pwtheda  asa  tiaa  ee&auaiag, 
aspaaaiva  and  labor  iatanalva.  A  petaatial  aelutiea  to  upgrada  ottarant  firat 
aatay  oMiiitoriag  preoaduraa  la  to  uaa  off  tba  abalf  laboaatoay  ohaoieal 
dataetioa  aqalpoMat*  A  ayatoa  ooaaiatiag  of  a  Klai  ~  chamioal  Agaat  Monitor 
(Mzirzcadl)  moantad  la  a  "laboratory**  typo  Tohiola  with  a  hoatad  tuba  that  eould 
ba  "pluggad"  into  a  ohaatioal  aunltlon  ateaaga  igloo  la  baing  eoaaidarad  at  a 
ftplAcamat  for  currant  firat  antry  aonitoring  prooaduaaa.  Tha  priaary  eoaeam 
with  thia  approach  la  that  tha  MIMICAM  la  daaignad  to  ba  uaad  la  a  eontrellad 
laboratory  anwironiBant  and  tharfora  may  net  function  proparly  whan  autajactad  to 
ribrationa  anoountarad  whila  operating  in  a  moving  vahiela*  Thia  taat  program 
ia  baing  oonduotad  to  datarmina  tha  ability  of  tha  propeaad  ayatam  to  conduct 
firat  antry  monitoring* 

1.2  ITfTXM  OSSCRXPTXOff.  Tha  ayatam  to  ba  taatad  will  conaiat  of  a  KZNZCAM 
ahooh  mountad  in  a  "laboratory"  type  vahiela  with  a  7B  feet  haatad  tuba 
eennactad  to  a  vaccum  pump  to  obtain  a  potential  vapor  agent  sampla  from  tha 
atoraga  igloo. 

1.2  TEST  OBJECTZVl.  To  datarmina  if  tha  MZMZCAK  can  ba  incorporated  for  firat 
antry  menitcring  of  ohaoieal  atoraga  iglooa. 

1.4  TEST  SCOPS*  Taoting  of  two  MZMZCAM8  will  ba  oonduotad  aa  followai 

a*  Aceaptanoa  Taat.  Tha  aceaptanea  taat  will  oonaiat  of  aubjaoting 
datactora  to  apacfic  concentrationa  of  agant. 

b*  Field  runetiotting  Taat.  A  total  of  14  triala  will  ba  eonduetad 
during  tha  field  funetioning  taat/  where  each  trial  will  oonaiat  of  driving  30 
oinutaa  (KXNZCAK  turned  an  for  antira  trial)  and  than  atopping  at  a  ehamical 
atoraga  igloo  to  aea^la. 

1.5  TEST  BQUZPMSET  AMD  MATERIALS. 

a*  Two  MZMZCANS. 

b.  One  "laboratory”  type  vahiela. 

e*  Two  73  feet  haatad  tubaa. 

d*  OBr  CDr  ID  and  VS  aganta  aa  raguirad. 

a*  Supply  gaa  naeaaeary  to  maintain  operation  of  tha  hzmzrcam. 

1 .  S  RS'POm  ZBZLXTZSI . 

«•  Taat  Snginaaring  Branehf  Taat  and  Evaluation  Office,  CRDEC,  will 
prepare  taat  plan  and  taat  report. 

b*  Oataotien  Oiractorata,  ordsc,  will  ba  raaponaibla  for  providing  MZMChM 
firat  entry  monitoring  cystam,  for  configuring  power  module  and  for  inatalling 
ayatam  into  van  (vahiela  auppliad  by  Pina  Huff  Araaanal). 
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e.  MMATohr  Ovwlopawnt  c  cnglAMcinf  fuppert  Oir«eterat«»  oune  will  b« 
ravpoiwibla  fo»  orajrall  t««t  eeordlaatiea* 

tf.  ?la«  Blu<f  Avsanal  will  b«  zwapensibl*  for  toot  eenduet  and  data 
rodaotion  of  agoat  oovpliag  tooto. 

1.7  MFITT.  hgmt  tootiag  will  bo  eenduetod  aooerdiag  to  tho  standard 
oporratiag  Prooodtro  loeatod  in  apipoadix  A.  Tooting  will  bo  eonduetod  in 
seeezdinct  with  ssfoty  dirtctitoo  psaotieoo  applieablo  to  this  toot. 
Throughett  tooting,  or  '  safoty  or  boalth  hasardo  oneountorod  will  bo 
doeunoatod. 

SBCTXON  2.  DITAZLSO  TtST  PBOCSDUPSS 
2*1  ACCSPTAliei  ZS8T 

2.1.1  Objoetivo 

To  ralidato  tho  ability  of  tho  MZBZCAM  to  dotoet  a  rango^f  tiao 
woightod  avorago  (TWA)  eonoontratioa  lovolo  of  GS,  CD,  HD  aad(V^  Tho  TWA  la 
tho  sum  or  tho  produeto  of  tho  toxicaat  oonoontration  and  oxpMMo  duration 
dividod  by  tho  total  oxpoauro  timo* 

2.1.2  Critoria 

rer  tho  MZHZCANo  to  porform  oatiofaetorily,  9Sl  of  tho  1.0  ul  TNA 
oquiralont  Yoluoa  (19  out  of  20)  auot  bo  ia  tho  raago  of  0.75  to  1*25  twa.  Zn 
addition  75%  of  tho  romainlng  valuoo  nuat  bo  within  ♦  or  •  25%  of  thoir 
thooroeieai  waluoa,  oxcopt  for  tho  0*2  THA  oguivalont  valuoo  whoro  tho  rosulta 
aro  dooirod  but  not  roquirod. 

2.1.3  Aoquirod  Data 

Data  will  bo  roeordod  aa  shown  on  data  shoot  in  Appondix  5. 

2.1.4  Data  Acquiation  Preooduro 

Tooting  will  bo  eonduetod  according  to  tho  standard  oporating  pcoeoduro 
loeatod  in  Appondix  A  and  will  bo  eonduetod  ia  a  laboratory  with  approved 
laboratory  porsoaaol.  Two  lCIlTICim*a  will  bo  tostod  with  GB,  OP.  HD  and  VX 
agottts.  Two  soparato  series  of  injections  will  bo  porferaod  with  each  series 
eonduetod  as  follewai 

a.  One  blank  (eolvont)  injeetien. 

b.  one  0.2  oA  TNA  oquivaloat  injaetien. 
e.  Five  O.f  I0L  TNA  oquivalont  injoetiona* 
d.  Ton  1.0  A  TNA  oquivalent  injoetienf. 

0*  Five  2.0  A  TNA  equivalant  injoetiona. 
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a.l.S  Jlaalytioftl  PvoMdura 

MMptaam  ehallMiga*  hav*  bam  parformad,  data  eollaetad  will  ba 
aitalyaad.  Xf  tha  KZRCMt'a  parSemad  at  an  aeeaptabla  laval  than  tha  fiald 
fuaetioaal  taat  eaa  atart.  2f  tha  tetaotora  do  net  parXera  at  aeeaptabla 
laralir  tba  taat  will  ba  put  en  hold  until  tha  naeaaaary  nediXleatiena  and/or 
adjuatsMata  to  tha  dataetera  have  baan  mada  and  rataatad  until  aeeaptanoa  haa 
baan  agraad  upon. 

a. 2  rxsxj)  FQMGTZOlfM.  TUT 

2.2.1  Objaetiva, 

To  datarmino  tha  ability  of  tha  KZHZCMl  to  parform  firat  antry 
monitoring  of  a  ehaad.eal  munition  atoraga  igloo  whan  mount ad  in  a  vahiela. 

2.2.2  eritaria 


Zha  MZiriChlt  firat  antry  monitoring  ayatam  ahall  provida  a  gain 
of  teeurtey  ovar  eurrant  proeaduaa. 

2.2.3  lu^piirad  oata 

Data  will  ba  raeordad  aa  ahown  on  data  ahaata  in  Appandix  B. 

2.2.4  Data  Aequiaition  Proeadura 

a.  xn  praparation  for  tha  fiald  taatr  a  vahiela  will  ba  eonfigurad  to 
provida  tha  naeaaaary  powar«  aupport  gaaaa  and  data  raeording  aquipmant  naadad 
to  aupport  two  MIMICAK'i*  All  aquipmant  will  ba  ehaekad  for  propar  oparation 
prior  to  taat  atart. 


b.  Baeh  day^  prior  to  taat  atart,  tha  MZsriCAM'a  will  ba  ealibratad 
(only  if  AoeaBoary)  according  to  tha  nznzcams  oparation  and  Maintananea  Manual. 

c.  All  agant  taating  will  ba  eonduetad  according  to  tha  80P  in 
Appandix  A*  Injaetiona  of  aganta  ahall  ba  within  ’*■/-  28%  of  tha  TWA. 

d.  Taating  will  ba  eonduetad  aa  followat 
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(1)  Turn  on  XXhlCAN'a. 

(2)  Oalibraca  (f^at  trial  of  day  only)  with  W. 

(3)  Drive  30  minutaa  on  pavad  andCaaeondarv  road^ 


(4)  atop  outaida  ehaaiieal  aamitien  atoraga  igloo  (anpty). 

(8)  Connact  78  foot  haatad  tuba  from  aaeh  KIRZCAM  through  a  vant 
hela  in  tha  igloo. 


(8)  QAca  inaida  tha  igloo,  paia^al  wUl^aa  a  ayringa 
to  injaet  VZ  TWA  eeneantratiena  of  0.8  Wv  1*0  tt^and  3^  jarlato  aaeh  haatad 
tuba.  Agant  taating  will  ba  eenduetad^eerdi^  to  tha  soP  in  Appendix  A. 
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(7)  If  th«  KXKXGMC  produetB  no  saading  fellewing  iajaetiona  into  tha 
tuba,  tha  NZKZC3UC  will  ha  dixaotly  iajaetad  with  VX  eeaeantsatioaa  of  O.S  uLr 
1.0  UL  a&d  2.0  uL  nth  to  dataxnina  if  MZnzoui  ia  functioning  pcopacly. 

(8)  onoa  a  trial  ia  eonplatad,  tha  tuba  will  ba  raawvad  from  tha 
igloo  and  and  atapa  ^through  6  rapaatad  until  84  triala  ara  oomplatad. 

a.  rraaantiva  aaintananca  daaeribad  ia  tha  MINZCAK8  opacation  and 
Maintananca  Manual  will  ba  parfermad  aa  raguirad. 

f,  uaaohadulad  maintananca  parfocnad  will  ba  documantad  aa  datailad  in 
tha  Appandix  B  data  ahaat. 

2.2.8  Analytical  Procadura 

Data  will  ba  conparad  to  axiating  data  of  currant  fiart  entry  syatana  to 
dataraina  if  naw  MlXfZCAN  ayatam  ia  an  inprovamant. 


Praparad  byt 


joua  JACOB  DBNMIS  BOLT 

Taat  fi  Bval  ofo  Dataetibn  Oiraetorata 


Racoamianding  Approval! 


MZCRABL  flCZTB 

ehiaf,  Taat  Bag  Br,  Taat  fi  Bval  Ofe 


Approved  byt 


ABZMinr  J.  lAPOBABO 
Ohiaff  Taat  a  Bval  ofe 
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